ABSTRACT
INTRODUCTION
Coastal waters often receive huge urban sewage inputs due to the high density of inhabitants in the coastal areas (Scialabba 1998) . Land ocean interactions in the coastal zone are currently the focus of much regional and global research aiming to quantify and determine the changes and effects of human usage on the coastal environments (Kress et al. 2002) . Land-derived materials are modified and transferred in the coastal and shelf region via various processes/mechanisms, which in turn regulate the flux of continental materials, both natural and anthropogenic, to the ocean (Martin and Windom 1991) . Coastal zone also provides an important buffer zone and filtering system for the coastal ecosystem. All these components are in a fragile balance controlled by the physical and biological processes, which can be easily upset by natural or human induced perturbations (Viles and Spencer 1995) . The coastal environments are exceptionally diverse and productive, particularly in the shallow water tropical regions. Coastal wetlands such as salt marshes, estuaries, and backwaters have high productivity, but their structure and function are altered through human inputs of materials in both soluble and particulate forms. These ecosystems not only protect the coast from the natural calamities but also provide livelihood security to nearly high number of local population. Mangrove forests are considered to be highly productive tropical ecosystems (Clough 1992) . Mangroves are ecologically sensitive, provide physical protection to the communities, and more importantly, are believed to play a major role in supporting the tropical estuarine and coastal food webs (Alongi and Christoffersen 1992) . At present, the coastal environments are highly disturbed and very much threatened, encountering problems such as the pollution, mangrove deforestation, siltation, erosion, flooding and other development activities due to over-expanding human settlements. Water quality obviously plays a critical role in this relationship (Ntengwe 2006) , as it is a key to the maintenance of a well balanced environment. Physicochemical events in the coastal waters and their relationships reveal that these do not occur independently but are linked with each-other (Iyer et al. 2003) . Nutrient enrichment leads to the eutrophication of a large number of coastal zones (Cloern 2001 ) with a concomitant increase in the harmful algal bloom frequency. The present study was taken up to understand the prevailing condition of the water quality and the impact of the anthropogenic input on this ecosystem. A significant variation in the properties of the Kalpakkam coastal waters, eastern part of India, was observed during the event of southwest to northeast monsoon transition (Satpathy et al. 2010) . Muthupet Mangrove Forest is located at the southern end of the Cauvery delta, covering an area of approximately 6803 ha, of which only 4% is occupied by the well-grown mangroves. Thick mangroves are bordered besides the Muthupet lagoon along the shore and extend upto Point Calimere. Healthy mangroves occupy only 15% of the total area (Selvam et al. 2002) 
STUDY AREA

MATERIALS AND METHODS
Sample collection and analysis
The study area comprised of Point Calimere forests and Muthupet lagoon dominated by the mangroves. Sea water samples were collected from 12 stations, covering 60 km coastal stretch. Stations 1 to 3 lied near the fishing villages located along the East coast of Tamilnadu in the Bay of Bengal. Station 4 was located at the transition zone between the Bay of Bengal and Palk Strait while the remaining stations were located along the Palk Strait in the fringes of mangroves and swampy coast. Post monsoon denoted the period between January and March. April and May represented the summer season. The period between June and September was the southwest monsoon. October to December was considered as the northeast monsoon season. The water samples were collected every month on new moon day at high tide from January to December 2008. Polypropylene bottles precleaned with 1:1 dilute hydrochloric acid and rinsed with Milli Q water and dried were used for the collection of the samples. Temperature, pH, salinity and dissolved oxygen (DO) were measured on-site using the multiparameter instrument (3400i WTW, Germany). Samples were preserved in ice during the collection till transportation to the laboratory. Samples were immediately filtered using 0.45 µm Millipore membrane filter paper and analyzed for various physicochemical and biological parameters, viz., nutrients such as inorganic phosphate (PO 4 3-), nitrite (NO 2 -N), nitrate (NO 3 -N), Ammonia (NH 3 -N), silicate (Si), suspended particulate matter (SPM) and Chlorophyll a (Chla), following the standard methods (Grasshoff et al. 1983; APHA 1995) . Nutrients were measured by the colorimetric methods. Chlorophyll a was extracted in 90% acetone and measured spectrophotometrically (Spectronic 20 GENESYS, Germany) following Parsons et al. (1984) .
RESULTS AND DISCUSSION
Rainfall and Atmospheric Temperature
Rainfall and atmospheric temperature data were collected from the Indian Meteorological Department (IMD). The rainfall occurrence reduced from the northeast monsoon, followed by the summer, southwest monsoon and postmonsoon. The maximum rainfall of 1245 mm and minimum 17 mm were recorded in the northeast and post-monsoon seasons, respectively in 2008 (Fig. 2) . The northeast monsoon resulted in an inundation of the study area, resulting in higher volume of fresh water discharge and transported the terrigenous deposits into the coastal waters. At Muthupet, the air temperature was mainly influenced by the seasonal and climatic variation, including the wind speed. The highest (36.2°C) and lowest (25.6°C) temperatures were noticed during the summer and northeast monsoon, respectively. pH Figure 3 shows the variations of water quality for different seasons. The pH ranged from 7.8 to 8.3 during the study period, showing no remarkable variations. The elevated pH level in the summer might be due to the water evaporation and high salt accumulation in Palk Strait. The higher phytoplankton production and greater photosynthetic activity could increase the pH due to bicarbonate degeneration by the carbonic anhydrase. This occurred concurrently along with the photosynthesis to facilitate carbon production (Rutner 1966) . Decrease in the pH during the northeast monsoon might be due to rainfall, land runoff and prevailing low salinity conditions. A positive correlation (0.58) with Chl-a observed during the summer could be attributed to the phytoplankton growth, which increased the Chl-a concentration. 
Salinity
The salinity showed remarkable fluctuations with high values during the summer season. Relatively high saline values were recorded from February to September with a significant lowering during the northeast monsoon. High salinity observed in the summer might be due to high temperature and shallow nature of Palk Strait, which led to water evaporation and high salt accumulation. Thus, salinity in this coastal region varied seasonally depending upon the mixing of fresh water. Salinity exhibited negative correlations with silicate (p≥0.01) and nitrate (p≥0.05) due to rainfall, the adjoining creeks and lagoons carried large amount of fresh water into the coastal waters during the northeast monsoon season. Tables 1 -4 show the correlation matrices for different seasons.
Dissolved Oxygen
The DO values varied from 5.5 to 6.4 mg/L throughout the study period. The coastal water in the Muthupet mangrove environment was well oxygenated with DO value of 6.4 mg/L at stations 4 and 8 duirng the northeast monsoon and postmonsoon, respectively. The hike in the DO level in the northeast monsoon might be due the effect of climatic conditions such as low solar radiation prohibited by the clouds, runoff and high turbulence induced by the wave action, although the rate of photosynthesis was reduced (Kannan and Kannan 1996) . However, in the mangrove environment, the dissolved oxygen level varied between 5.8 and 6.3 mg/L during the northeast monsoon season. The DO showed negative correlation with the SPM during the summer, southwest and northeast monsoon seasons.
Positive correlation with pH (p≥0.01) was observed during the southwest monsoon.
Nitrate and Nitrite
Not much variation was noticed in the nitrate values in the coastal water of Vedaranyam, which ranged from 0.17 to 6 µmol/L, whereas nitrite fluctuated between 0.02 and 0.55 µmol/L. A strong positive correlation was observed between nitrite and nitrate (p≥0.05) during the postmonsoon season. Strong negative correlation with nitrate and salinity (p≥0.01) was observed, which might be due to the less saline condition existing during the northeast monsoon. Nitrite, the intermediate oxidation state between ammonia and nitrate, can appear as a transient species by the oxidation of ammonia or by the reduction of nitrate (Sathpathy et al. 2010 ). Positive and negative correlation between nitrite and DO during the southwest monsoon (p≥0.05) and northeast monsoon (p≥0.01), respectively was due to the increased runoff resulting in declining of salinity, which led to increase in the DO and nutrient levels.
Ammonia
The possible sources of ammonia input into the waters could be from land runoff, zooplankton excretion, or demineralization of organic matter (Ketchum 1962) . Ammonia level was 0.09 to 2.21 µmol/L in all the seasons and did not show significant strong positive correlation (p≥0.01) with any parameter, except silicate during the northeast monsoon. A positive correlation between ammonia and nitrite (p≥0.05) observed during the northeast monsoon season might be due to the oxidation of ammonia to nitrite. 
Inorganic phosphate
Estuarine mangrove waters in general have relatively low stocks of dissolved inorganic phosphorus and nitrogen (Alongi et al. 1992) . Inorganic phosphate value ranged from 0.04 to 0.69 µmol/L. In monsoon season, the runoff transported lots of terrigenous deposits to the coastal waters, the suspended sediments adsorbed to each other and settled at the bottom (Pomeroy et al. 1965 ). Phosphate showed negative correlation (p≥0.05) with the DO and pH. Low phosphate levels during the northeast monsoon could be attributed to the mangrove swamps and wetlands, which trapped the land derived sediments brought in by the runoff in the monsoon season before they entered the ocean by outwelling due to the chemical and biological processes. High concentration of phosphate in the post-monsoon might be because of desorption of phosphate taking place from the sediments with increasing salinity during this period.
Silicate
Silicate concentration varied from 7.5 to 33.6 µmol/L. Higher concentration during the monsoon season could be ascribed to fresh water intrusion into the coastal waters and similar milieu had been reported in different coastal environments (Burton 1970 ). An abrupt decrease in silicate concentration observed during late post-monsoon season and summer could be due to the phytoplankton uptake, which was indicated by a strong negative correlation (p≥0.01). Strong positive correlation (p≥0.01) with pH noticed during the southwest monsoon could be due to increased pH leading to the reduction in silicate.
Suspended Particulate Matter
SPM is one of the main forms in which various materials, including the nutrients and other pollutants are transferred from the land to marine environments. SPM concentration ranged from 88 to 390 mg/L. Increase in Chl-a values indicates elevated phytoplankton population, which contributes higher concentrations of SPM in the coastal waters. This could be proved by a strong positive correlation (p≥0.01) acquired with Chl-a during the post-monsoon season. Similar conditions were observed in the Kalpakkam coastal waters by Sathpathy et al (2010) . Negative correlation (p≥0.05) between the SPM and Chl-a was observed during the southwest monsoon.
Chlorophyll a
Chlorophyll a is considered as the most reliable index of phytoplankton biomass (Tripathy et al. 2005) . Fresh water influx and land runoff resulted in low Chl-a concentration (2.7 mg/m 3 ) at S4 during the northeast monsoon with decreasing salinity conditions. Marichamy et al. (1985) reported that in low saline waters (<27 psu), high phytoplankton population could not sustain during the monsoon season. High concentration of Chl-a (29.1 mg/m 3 ) was observed at S6 (Table 2) in summer season, which could be due to increase in temperature, salinity and high concentration of nutrients carried into these environments stimulating a rich phytoplankton growth. In general, Chl-a values were high near the Muthupet mangroves compared to Point Calimere. Increase in the salinity and temperature during the summer season resulted in higher pH values, which in turn increased the Chl-a due to higher photosynthetic activity by the phytoplankters. This was confirmed from a positive correlation (p≥0.01) for pH and Chl-a. Table 3 Correlation coefficient -southwest monsoon. 
Principal Component Analysis (PCA) Post Monsoon Season
The PCA of the water quality parameters during the post-monsoon season showed four components with Eigen values higher than 1 and 83.39% total variance (Table 5 ). The first principal component (PC 1), explaining about 29.97% variance showed possible utilization of silicate by the phytoplankton for photosynthetic activity. This was indicated by the positive loadings for chl-a and negative for silicate. This revealed that the strong loadings of nitrite could be possible by the oxidation of organically derived ammonia. The second principal component (PC 2, 27.4% variance) was related to the inputs of phosphate to the coastal water by monsoonal runoff. The third principal component (PC 3) showed that the increase in the salinity led to increases in the pH exhibiting their positive loadings. The fourth principal component (PC 4 for 12.54% variance) showed as inverse relationship between the DO and SPM through the positive loading for DO and negative for SPM. 
Southwest Monsoon Season
The PCA analysis of the coastal water extracted three components with Eigen values higher than 1, with 78.54% total variance (Table 7 ). The first principal component (PC 1, 33.06% variance) indicated possible utilization of nitrate by the phytoplankton. This was demonstrated by the positive loadings for chlorophyll a and negative for nitrate. The second principal component (PC 2, 29.47% variance) related the inputs of nutrients such as ammonia and phosphate from the runoff influenced by the pre-monsoon showers. This was indicated by the loadings, which were negative for the salinity and positive for ammonia and phosphate. The third principal component (PC 3, 16% variance) pointed out an increase in chlorophyll a with high salinity conditions. Further, it revealed possible utilization of ammonia for the phytoplankton production.
Northeast Monsoon Season
During the northeast monsoon, three components were extracted with Eigen values higher than 1, with 81.98% total variance (Table 8) . First principal component (PC 1, 46.42% variance) related to the inputs of nutrients by the monsoonal runoff during the northeast monsoon. This was signified by the loadings, which was negative for the salinity and positive for inorganic nutrients.
The second principal component (PC 2, 24.57% variance) exhibited the regeneration of phosphate with DO utilization by the microorganism to liberate phosphate to the coastal waters. This was observed from the positive loading for phosphate and negative for the DO. The third principal component (PC 3, explaining 10.98% variance) showed the utilization of nitrate by the phytoplankton. 
CONCLUSIONS
The hydrological parameters exhibited distinct variations in two different zones along the coastal waters of Point Calimere and Muthupet. High salinity value (39.2 psu) was observed along the Palk Strait during summer, which could be due to high temperature and shallow nature of the study area. The runoff during the northeast monsoon reduced the salinity where large amount of fresh water entered into the coastal waters from the adjoining wetlands. High DO values around 6.4 mg/l during the northeast monsoon could be attributed to low temperature and higher wave action dissolving much of atmospheric air. Low concentrations of nutrients during then monsoon observed at the stations dominated by the mangroves could be attributed to the mangrove swamps and wetlands, which trapped land derived sediments brought in by the runoff in the monsoon season before they entered the ocean by outwelling due to chemical and biological processes. A marginal increase in chlorophyll a was observed during the post-monsoon and maximum concentration was observed in summer, which could be due to dominant saline conditions prevailing during that period. The water quality forms the basis for the floral and faunal diversity of the mangrove ecosystems. The results from this study could be used for a better water quality management of Vedaranyam wetland and the coastal zone. The conservation, management and sustainable development of the Vedaranyam swamp would depend on the maintenance of the hydrological characteristics without much alteration.
